PCT 



ORGANISATION MOND1ALE DE LA PROPWETB 1NTELLECTUELLE 
Bureau roicmitiocial 




DEMANDE INTERNATIONALE PUBUEE EN VERTU DU TRAITE DE COOPERATION EN MATTERE DE BREVETS (PCT) 



(51) Classification Internationale to brevets 6 : 
E21B 33/127, 43/10, F16L 55/165 



Al 



<U) Numero dc 
(43) Date de publication 



WO 96/01937 

25 Janvier 1996 05.01.96) 



(21) NmnOo de la 

(22) Dite de depot international: 



PCT/FR9S/00902 
6juillet 1995 (06.07.95) 



(30) Donnecs relatives a b priori*: 

9408691 7 juillet 1994 (07.07.94) 



(71) Depoeant (pour toui Us Eum dhignis sou/ US): DRILLFLEX 

[FR/FR); ZAC dea Monts-Caultier, 29, rue Lavoisier, F- 
35230 OfttUcn-sur-Setcbe (FR). 

(72) Inrenteum; et 

(75) lnvcnteura/Deposants f l/S sadement): SALTEL, Jean-Louis 
(FR/FR); 12, avenue de la Mot*, F-35650 U Rbeu (FR). 
SIGNORL Frtdetic [FR/FR); 3. rue de 1'Ifenmtage, F- 
35650 Le Rbeu (FR). 



(74) Maodatairc LEFAOU. Daniel; Cabinet Re fjmbeaa, 

d' Affaires Patron, II. rue Frmx-Helkr, Boftc postale 19107, 
F-35019 Rennet Ctdex 7 (FR). 



(81) Etals design**: AM. AT, AU, BB. BG. BR. BY. CA, CH. CN, 
CZ, DE. DK. EE, ES, FX, GB. GE, HU. IP. KE. KG. KP. 
KR, KZ, LK. LR, LT, LU, LV, MD, MG. MN. MW, MX. 
NO, NZ, PU PT. RO. RU, SD. SE. 51, SK. 17, TT. OA 
US, UZ, VN. brevet europeen (AT, BE CH. DE, DK, ES, 
FR. GB. GR, IE. IT. LU. MC. NU PT, SE), brevet OAPI 
(BF. BJ. CF, CG. 0. CM.GA. GN. ML. MR. NE, SN, TO. 
TG). brevet ARIPO (KE. MW. SD. SZ. UG). 



PubU6e 



Avec rapport de rec h erc h e inter*a&o*ate. 

Avant r expiration du dilai privy pour la modification det 

revindications, sera repubtiie si de teUes modifications sons 

reeaes. 



(54) TWe: PREFORM. DEVICE AND METHOD FOR CASING A WELL 
(54) Tttre: PREFORME, DISPOSTITF ET PROCEDE POUR LE TUB AGE D'UN PUTTS 
(57) i 



A preform comprises, distributed along Us wall annular curable zones (3) 
which are radially and outwardly deformable so that they apply against the wall 
(20) of the well (2), or of the caoduh. and which form, after curing, anchoring and 
sealing locks for the casing. Application casing of wells, particularly oil wells, 

(57) Abrtf* 

Ce tte prdibrmn comporte. repartses le long de sa parol* des zones snrxuliires 
dur ci ssab k s (3) aptes a ae d dfa m er radialenent vers rexterkur pour venir 
s'appliquer centre la parol (20) du putts (2), ou de la canalisation, et qui 
torment aprcs duidssement des verrous d'ancrege et d'dtsnchcst£ pour le tubage. 
Applications: tubage de puita, pot am ment de forage pctrnlier, ou de ranattsatiom, 
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PREFORME, DISPOSITIF ET PROCEDE POUR LE TUBAGE O'UN PUITS 



La prtsente invention concerne une prtforme souplc qui est dlpliable 
radialement, et durcissable in situ, aprts qu'elle ait €t€ mise en place dans un puits, 
notamment un puits de forage pdtrolier, ou dans une canalisation, pour y consumer un 
tubage cylindrique. 

5 L* invention concerne 6galement le precede pour mettre en place, ancrer 

cette prtforme dans le puits ou dans la canalisation, et crfer une 6anch£it6 entre la 
prtforme et le puits ou la canalisation. 

On connait d6ja des prtformes dont la paroi est en roagriau souple, 
susceptible d'etre rcplife sur elle-m&ne de raanifere a presenter un encombrement radial 

10 nettement plus faible que le diamfctre du puits ou de la canalisation a tuber, ou h chemiser 
dans le cas d'une reparation localise La prtforme est introduite dans le puits ou dans la 
canalisation a l'6tat replit Une fots quelle a €i€ positionnfe a rendroit voulu, on la 
dtfonne radialement vers 1' exrtrieur, par introduction * rinterieur de la prtforme d'un 
fluide de gonflage. Sous reflet de la pression interne, elle prend une forme cylindrique, 

15 c'est-4-dire une section circulaire. L'ancrage de la prtforme ainsi dilatde & Tintdrieur du 
puits ou de la canalisation se fait au moyen d'un ciraent que Ton coule dans Pespace 
annulaire s^parant la paroi exti rieure de la prtfonne cylindrique de la paroi du puits ou de 
la canalisation. Le durassement a chaud, par polymerisation, de la paroi constitutive de la 
prtforme peut 6tre rtalis* soit par introduction d'un liquide chaud a l'intlrieur de la 

20 prtfonne, soit par effet Joule au moyen de resistances fiectriques appropri&s disposes 
dans la prtforme, par exemple de fils dectriques faisant partie de 1* armature de la paroi de 
la prtforme, imprtgn^e de rtsine thermodurcissable. 

La demande de brevet international WO 94/21887 concerne la cimentation 
d'un tubage de ce type. 

25 La cimentation d'une telle prtforme de ce type pose piusieurs problfcmes. 

Tout d'abord, elle exige une installation de cimentation relativement 
sophistiqule et coQteuae. 

Par ailleurs, la quality du ciment doit 6tre parfaite. pour pouvoir sMnstor 
correctement, et de maniere homogine, dans les interstices annulaires, dont l^paisseur 
30 peut ttrt trts faible, s^parant la paroi de la prtforme de la paroi du puits ou de la 
canalisation. 
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Enfin, la cimentation n'est pas toujoure ties fiable. car mal control^ sur de 
grandes longueurs. 

L'objectif de la present* invention est de proposer une preTorme du genre 
ci-dessus decrit. pouvant etre mise en place et ancree a I'interieur du puits ou de la 
5 canalisation, saroqu'onn'aitafaire usage d'unciment 

Cet objectif est atteint. conformiment & I'invention, grace au fait que la 
preTorme comporte. le long de sa paroi. des zones annul aires dureissables aptes a se 
deTorraer radialement vers 1'exterieurpour verirs'appliquercontre la paroi du puits ou de 
la canalisation et qui forment. aprfes durcissement. des verrous d'ancrage et d'«tancheiu» 
10 pour le tubage. 

Par ailleurs. selon un certain nombre de caractfristiques additionnelles. 
nan limitatives de I'invention : 

- la preTorme comporte une reserve de resine polyraerisable a chaud 
dispose* du cdte inteneur et apte a migrer radialement vers Pexterieur a travels la paroi 

15 sous Teflet d'une pression interne ; 

- elle comporte une peau exterieure dlastiquement deTormable. dont 
certains troncons en fonne de manchons ont une aptitude a la deTonnatton radiate 
nettement plus grande que ceUe du reste de la peau. ces troncons realisant lesdits verrous ; 

- les troncons facilenient deformables sont en elastomere non renforof. 
20 tandis que le reste de la peau est en dastomere renforoe ; 

- ladite reserve eonsiste en des pocfaes annulaires situees en regard desdits 
tronoons de peau exterieure facilement deformables ; 

- ladite reserve s'etend tout le long de la preTorme, y compris en regard des 
zones de peau exterieure non facilement deTormables ; 

25 . la paroi de la prtforme est composec d' une ame en resine polymensable 

a chaud et de deux peauxfen matenau dastomere. Tune inteneure. I'aulre exteneure. 
ladite reserve contenant la resine etant deliraitec par Tame et par la peau interieure ; 

- la preTorme est munie de joints d'ltanchette annulaires entourant les 
zones dureissables destinees a constituer les venous. 

30 u proceoe selon I'invention, destine it la mise en place, a 1' ancrage, et a la 

realisation de I'Aancheite d'une preTorme telle que decrite ci-dessus a Pinteneur d'un 
puits ou d'une canalisation, comprend les tapes suivantes : 

a) on introduit la preTorme a I'etat p\i6 dans un puits ou une canalisation 
cylindrique, dont le diametre est un peu plus grand que celui de la preTorme loisqu'elle 

35 est radialement deployee ; 

b) on introduit un fluide sous pression a I'interieur de la preTorme pour 
I'amener a l^tat rigoureusement cylindrique ; 
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c) on provoquc la deformation desdites zones annulaires vers Fexteneur 
pour les appliquer contrc la paroi du puits ou de la canalisation ; 

d) on provoque ie durcissement de la preTonne ei des zones annulaires. 
De maniere avantageuse, a Felape c) on chauffe la resine contcnue dans 

5 les poches annulaires de maniere a la liqu*fier et la fair* migrer vers Fexteneur sous 
reflet de la pression interne el, a F*tape d), on maintient cette resine et celle constitutive 
de la paroi de la preTonne a la temperature de polymdrisation durant un temps suffisant 
pour obtenir le durcissemem de F ensemble. 

D'autres caractenstiques et avantages de Finvention apparattront de ia 
10 description et des dessins annexes, qui en representent, a titre d'exemples non limitatifs. 
des modes de realisation preTercntiels. 
Surces dessins: 

- la figure 1 est une vue en coupe schematique d'une preTonne confonne a 
Finvention, apres introduction et deployment radial, mais avant ancrage, a Finteneur 

15 d' un puits de forage p&rolier ; 

- les figures 2 et 3 sont des sections transversales de la preTonne a l'ltat 
initial repli*, selon deux modes de lepliement different* ; 

- la figure 4 est une vue similaire a celle des figures 2 et 3, qui represente 
la preTonne radialement deployee, pour prendre une forme cyiindrique ; 

20 - la figure 5 est une vue partielle, en coupe axiale, de la paroi de la 

preTonne. au niveau d'une zone annulaire durcissable destinee a coostituer un vcnou 
d'ancrage, avant qu'elle n'ait 6t£ deTormee radialement vers Vex* rieur ; 

- la figure 6 est une vue similaire a la figure 5, representant la preTonne 
apres deTormarion et durcissement du verrou ; 

iS -la figure 7 est une vue schematique d'un tron9on de preTonne deploy*, 

qui est equip* de pi usieurs joints d'Aancbfitf au niveau de la zone annulaire durcissable 
destinee a consumer un verrou d'ancrage ; 

- la figure 8 est une vue en coupe longitudinale au niveau du joint, apres 
ancrage et durcissement de la preTonne dans un puits. 

10 - les figures 9 et 10 sont des vues analogues aux figures 5 et 6 respective- 

ment, representant une variante de la preTonne. 

A la figure 1 on a represent* une preTonne 1 confonne a F invention, qui 
est placee a Finteneur d'un puits de forage p*trolier 2. dont la paroi cyiindrique est 
rtferencee 20. 

5 La preTarme est de type conmi, en materiau thennodurcissabie, polymerisa- 

We a chaud, qui avant mise en place a Finteneur du puits est repliee longitudinalement de 
facon a presenter un encombrement radial r6duiL 
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Le pliagc pcut etre realise en "IT co mmc rep rfsente schemauquement a la 
ligure 2. ou en "escargot" comme represent a la figure 3. 

Apres mise en place sur la longueur voulue. a I'inteneur du puits 2 la 
prcforme est deployee de maniere a prendre une forme cylindrique. comme illustrfe aux 
5 figures 1 «4. 

Cette dilatation radiale se fait par introduction d'un fluide sous pression 
dans Tespace interieur 100 de la prfforme. Pour cela. i. est prevu une canalisation 4 
penetrant de maniere ctanche en extrfmi* supeneure la de la prfforme. I'amenee de 
fluide se faisant depuis la surface S du puits. Le fiuide utilise peutetre implement la 
10 boueliquideextraitedu puits. 

L'extrfm.te basse lb de la prfforme est naturellement obturfe par des 
moyens de fenneture appropries. 

A Petat deploy*, la paroi 10 de la prefonne presente done une forme 
ngoureusement cylindrique. de diametre calibre. Le diametre de sa surface exterieure est 
cho lS , dc maniere a etre trts legirement mferieur au diamine de la paroi du puits 

178 milhmfctres. tandts que le diametre de la paroi 20 sera de 184 millimetres. 
Smillimetres " d °° C ^ JcU annulairc J *« * valeur radiale est. par exemple. de 

Cet espace annulaire libre sur toute la hauteur de la prfforme permet 
d evacuer la boue au cours du gonflage. 

Selon une caractenstique essentielle de Invention, I. prfforme 1 est 
pourvue de plusteurs zones annulaires durcissables rfparties le long de sa p»oi. aptes a 

de mamire a former, apres durcissement. des venous d'ancrage e« d'euncbeite pour le 
tubage. Ces venous sont represents en traits interrompus et references 3 a la figure 1 

Les difTcrcnts venous 3 sont espaces de distances L, . L a prfdetenninees, 
qui ne sont pas neoessairementrfgales. 

A titre indicatif. la prfforme a une longueur pouvant atteindre 3 000 

L'espacement des venous 3 pourra etre compris entre 5 et 50 metres, par 

La hauteur des venous sera de Tordre de 0.5 a 3 mitres. 
Dans le mode de realisation represent* aux figures 5 et 6, la para lOdela 
prfforme est constitute d'une ante thermodurcissable 5 prise en sandwich entre une peau 
inteneure 6 et une peau exterieure 7. 



20 



25 



30 metres, 
exemple. 

35 
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L'ame 5 est une rtsine polymCrisable a chaud, a rintericur dc laqudle est 
noyee une armature dc renforcement compost dc fibres 50, telles que des fibres de vcrre 
ou de carbone, cettaines drconfeTemidles et d'autres longitudinales. 

La peau intlrieure 6 est cn matlriau llastomerc (caoutchouc synthCuque) 
5 non renforce\ La peau exteneure 7 est en matenau clastomere. renforce* par un tissu 
faiWeraent extensible. 

La zone annulaire desunee a consumer 1c verrou forme un reservoir 
(poche) delimit* d'une part par Tame 5 et d'autre part par un renflemem 6\ dirige* vers 
Pint*rieur 100 dc la prtforme, de la peau inteneure 6. Ce reservoir contient une rtsine 60. 
10 pol ymcnsable a chaud 

En regard du renflemem 6\ la peau exteneure 7 est intcrrompue pour £tre 
remplacee par un manchon 8. Celui-ci est convenaWement relie* et fixe\ par exemple par 
collage, a la peau 7. Lc manchon 8 est en matenau dlastomere non renforced II est done 
extensible radial ement, contrairement au reste de la peau extlneure 7. 
15 A litre indicaaf, Pepaisseur de chacune des peaux 6, 7 est de I'ordre de 2 

millimetres, tandis que 1'fime 5 a une epaisseur comprise entre 5 et 15 millimetres. 

La resine 60 est choisie pour posslder une viscosite* llevee a temperature 
ambiante, et une viscosity faible a temperature elevee, par exemple k partir de 80*C 
environ. Elle devient alors liquide et susceptible de migrer k travers Tame 5 et son 
20 armature 50, vers rexterieur. 

L'ancrage de la prtforme dans ie puits se fait de la maniere expliquec ci- 

aprts. 

On precede tout d'abord au dlploiement radial de la prtforme, en y 
introduisant le liquide L, comme deja dit plus hauL U prtforme va done prendre 
25 progressivement une forme cylindrique, tandis que la boue prtsente k rint&ieur du puits 
est chassee de l'espace annulaire reste* libre et remonte en surface. Cest du reste cette 
mftne boue qui peut fitre uulisee comme liquide de gonflage L, via un circuit de pom page 
ad hoc. 

La pression du liquide L est choisie de telle maniere qu'tl y ait unc 
30 difference de pression relativement devee, par exemple de Tordre de 10 bars, entre les 
liquides inteneur et exteneur a la prtforme. La prtforme est retenue dans sa position 
correcte a Pinteneur du tube par un appareillage approprie* install en surface, et non 
represented 

Ensuite, on precede au chauffage de la paroi de la prtforme, soil en 
35 substituant au liquide L un liquide chaud, soit par efTet Joule, k raide.de resistances 
dectriques appropriecs montees dans la prtforme. Cet apport de chaleur va fluidifier la 
resine 60 contenue dans les poches 6' , ainsi que celle de Tame 5. 
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Sous 1'effet dc la prcssion p du fluide interieur, la rcsinc liquide va alors 
migrer dc rinterieur vers rexterieur, tout cn refoulant la rtsine constitutive de PSmc 5, k 
travers cctte dernifcre pour former des hernics annulaires 61 qui vont venir s'appliquer 
- par Fintermediaire des tron9ons de peau 8 facilement deformaWes - contre la paroi 20, 
5 avec unc pression relativement forte. Bien entendu, la capacite des reservoirs et. 
coirtlativement. le volume de la rdsine 60 sont chotsis suffisanls pour comWer correcte- 
ment Tespace annulaire oonespondant au jeu j, et ddformer suffisamment les verrous 3 
vers rexterieur, contre la paroi 20. Les ironyons 8, aprts expansion radiale. sont 
r6f6 renege 8* sur les dessins. 
10 On continue ensuite k apporter k la prtforme et au verrou les calories 

necessaires, pendant une duree suffisante - gdndralement de quelques heurcs - pour 
obtenir la polymerisation de r ensemble de la paroi, y compris ceJle des venous. 

On obtient done ainsi un tubage rigide k paroi interieure cylindrique, et 
dont la paroi exterieure est formde de bourrelets annulaires qui constituent des rones 
15 d'ancrage et d'etancheite du tubage dans le puits Z 

Les operations finales consistent k enlever le liquide se trouvant k 
Pinterieur de la prfforme, k retirer le conduit 4, et k eiiminer les extrftnitds de prfforme 
haute la et basse lb. 

La parte 1 a peut fitre enlev6e simplement par sciage transversal. La parte 
20 basse 1 b peut toe enlev6e par forage axial k rinterieur du tubage. 

II convient de noter, que la localisation des verrous 3 est parfaitement 
contrCiee par suite de la presence des manchons 8 dont 1* aptitude k Pextension radiale est . 
plus grande que le reste de la peau exterieure 7. 

La deformation de la peau interieure 6 vers 1'exterieur, k la fin de la 
25 migration de la rtsine vers rexterieur, est limitee car cette peau 7 va venir prendre appiri 
contre la structure filaraentaire 50 de Pflme 5. Ainsi, on est assure que la paroi interieure 
du tubage aura une forme rigoureusement cyiindrique sur toute sa hauteur. 

Les verrous annulaires seront positionnes k la demande, selon les 
caracteristiques physiques du puits k tuber, le long de la prfforme, notamment en 
30 fonction de la disposition de certaines zones aquiferes. 

Pour ameiiorer Fetancheite entre la preforme et la paroi du puits, il est 
possible de prfvoir, au niveau des venous 3 des joints d'etancheite. 

Cette possibilite est illustree aux figures 7 et 8. Les manchons dilataMes 8 
sont garnis d'un ou de plusieurs joints d'etancheite 9, par exemple au nombre de trois. 11 
35 s'agit par exemple de joints soupies, aptes k se deployer radialement en m6me temps que 
la preforme, pour prendre une forme torique. Aprts dilatation radiale et durcissement des 
venous, les joints se trouvent loges dans une gorge annulaire de la peau exterieure 8\ 
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assurant une parfaite etanche*ite* a cc niveau. Cctte technique d'etancheite fait Pobjetde la 
demande de brevet n # 94 03629 depose* par !a demanderesse te 23 mars 1994. Elle est 
appiiqude ici aux zones d'ancrage de la preforme. 

II convient de noter que la resine 60 peut rester emprisonnee pendant une 
5 longue durec a I'inteneur des poches 6\ sans risque de degradation. 

Ainst, les preYormes peuvent €tre stockees sans doramages, tnises en place 
au moment voulu, puis ancrees egalement au moment voulu. Du reste, tl n*est pas 
necessaire de realiser la polymerisation de la preforme et des verrous juste apres le 
deploiement radial de la preforme. Ces operations peuvent 6tre menees successivement au 
10 moment opportun, notamment fonction de la disponibilite du personnel affect* a ces 
tidies. 

Dans la variante de preTorme illustree aux figures 9 et 10, dans lesquelles 
les memes references qu'aux figures 5 et 6 ont 6x6 uulisecs pour designer des elements 
identtques ou similaires, la reserve de resine polymerisable a chaud 600 n'est pas 
IS confincc dans des poches. Au contraire, elle occupe un espace annul aire, entre ftme 5 et 
peau interieure 6, qui s'etend tout le long de la preforme 7, y compris en vis-a-vis des 
zones de peau exteneure renforcccs. et non factlcment deformables (voir figure 9). Lors 
de rapplication de lapression interne p, la resine liquide va migrer a rinterieur de Tame 
5. Cependant, vers rexteneur, elle ne va ressortir qu'en regard des troncons 8 facilement 
20 deformables, formant a cc niveau les bourrelets d*ancrage 8*. 

Cette variante de preforme est d'un prix de revient plus faiWe que celui 
d'une preforme a poches. 

A titre indicatif, la peau exteneure 7 a une epaisseur de 1'ordre de 2 a 
3 mm, I'Sine 5 une epaisseur comprise entre 5 et 15 mm , la resine 600 une epaisseur de 
25 Tordre de 0,4 mm et la peau interieure 6 une epaisseur de Tordre de 2 nun. 

Bien que dans le mode de mise en oeuvre de 1* invention qui vient d*£tre 
decrit en reference aux dessins, on ait affaire au tubage d'un puits vertical, et plus 
preasement d'un puits de forage petrolier, la presente invention s'applique egalemem au 
tubage de puits souterrains, qui ne sont pas forcement verticaux, et au tubage de 
30 canalisations, par exemple de pipe-lines ou de gazoducs en vue de leur reparation in situ 
par mise en place d'un chemisage interne. 
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REVENDICATIONS 

1 . Prdforme souplc depliable radialement ct durcissablc in situ aprts 
mise cn place dans un puits ou une canalisation pour y consumer un tubage cylindrique. 
caractdrisde par le fait qu'elle comporte le long de sa paroi des zones annulaires durcissa- 
bies (3) apies k se ddformer radial cm ent vers J'extdrieur pour venir s'appliquer contre la 

5 paroi (20) du pui ts (2) ou de la canalisation et qui forment apits durcissement des venous 
d'ancrage et d'dtanchditd pour le tubagc. 

2. Prdforme selon la revendication l t caractdrisde par le fait quelle 
comporte une reserve de rdsine polymdrisable k chaud (60. 600) disposde du c6td 
intdrieur et apte k migrer radialement vers Fextdrieur k travers la paroi (10), sous TefTet 

10 d'une pression interne (p). 

3. Prdforme sdon Tune des revendications 1 ou 2, caractdrisde par le fait 
qu'elle comporte une peau extdrieure dlastiquement ddfonnable (7) dont certains trongons 
(8. 8') cn fonne de raanchons, ont une aptitude k la deformation radiate nettement plus 
giancte que celle du reste de la peau (7), ces trains rdalisant lesdits venous (3). 

15 4 • Prdforme selon la revendication 3, caractdrisde par le fait que les 

transits (8, 8') facilemenl ddformables sont en dlasiomere noa rcnforcd, tandis que le 
reste de la peau (7) est en clastomere renf orcd . 

5 . Prdforme selon la revendication 2 d'une part, et 3 ou 4 d' autre part, 
prises en combinaison, caractdrisde par le fait que ladite reserve consiste en des poches 

20 annulaires situees en regard desdits tronf ons (8) de peau extdrieure fadlement ddfoima- 
bles. 

6 . Prdforme selon la revendication 2 d'une part, et 3 ou 4 d' autre part, 
prises en combinaison, caractdrisde par le fait que ladite reserve (600) s'dtend tout le long 
de la prdforme, y compris en regard des zones de peau extdrieure non facilement 

25 ddformables. 

7 . Prdforme selon Tune des revendications 5 ou 6, caractdrisde par le fait 
que la paroi de la prfforme est composde d'une &me (5) en rdsine polymdrisable k chaud 
et de deux peaux en matdriau dlastomfcre. Tune intdrieure (6). r autre extdrieure (7), ladite 
rdserve contenant la rdsine (60. 600) dtant ddlimitde par r&ne (5) et par la peau intdrieure 

30 (6). 

8 . Prdforme selon la revendication 7, caractdrisde par le fait que I'Sme (5) 
compete une armature filamentaire (50) noyde dans la rdsine. 
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9 . PreTorme selon 1'une des revendications 1 a 8, caraciensee par Ic fait 
qu'elle est munie de joints d'^tanchfitf annulaires (9) entourant les zones durcissables (3) 
destinees a consumer les venous. 

10. Proc&te pour mettre en place, ancrer et rtaliser l^tancheit* d'une 
preTorme confonne & 1'une des revendications prfc<dentes dans un puits ou une 
canalisation cylindrique, selon lequel : 

a) on introduit la preTorme (1) a I' &at plie dans le puits (2) ou la canalisa- 
tion, dont le diametrc est un peu plus grand que celui de la preTorme lorsqu'elle est 
radial ement employee ; 

b) on introduit un fluidesous pression a I'inteneurde la prtforme(l) pour 
ramener a I'Aat rigoureusement cylindrique : 

c) on provoque ia deformation desdites zones annulaires (3) vers 
l-exteneur pour les appliquer contre la paroi (20) du puits (2) ou de la canalisation ; 

d) on provoque le durdssement de la preTorme (1) et des zones annulaires 

15 (3). 

1 1 . Precede selon la revendication 10, applique k une prtforrae confonne 
a 1'une des revendications 5 ou 6. caracteris* par le fait qu'i I'etape e) on chauffe la 
resine (60) contenue dans les poches annulaires de maniere a la liqudfier et la faire migrer 
vers 1'exteneur sous I ' efiet de la pression interne (p) et qu'a 1'fiftpe d ) on mainttent cette 
20 resine et celle constitutive de la paroi de la prfforme a la temperature de polymensation 
durant un temps suffisant pour obtenir le durdssement de l'ensemble. 



WO 96/01937 



PCT/FR95/00902 




WO 96/01937 



PCI7FR9S/00902 



2/3 



FIG.5 FIG.6 




WO 96/01937 



PCT7FR95/00902 



3/3 




INTERNATIONAL SEARCH REPORT 



U. JkftQOCUi ApptlCAOWl So 

PCT/FR 95/00902 



A. CLASSIFICATION OF SUBJECT MATTER _ 

IPC 6 E21B33/127 E21B43/10 F16L55/165 



AeconhM to tatemrtna*! Ptcnt Oaoifioaon (IPO or to bott mttcmi «d IPC 



B. FIELDS SEARCHED 



IPC 6 E218 F16L 



•ymboit) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



> dwH »«tau»No. 



W0.A.91 18180 (N08ILEAU) 28 Novenber 1991 
see the whole document 

EP.A.O 553 558 (ASHINORI INDUSTRY) ♦ 

August 1993 

see the whole document 

US, A, 4 979 570 (HODY) 25 December 1990 
see figures 

EP.A.O 545 703 (0KAHASHI) 9 June 1993 
see figures 

FR.A.2 370 225 (N.V. RAYCHEH) 2 June 1978 
see the whole document 

-I— 



1-11 
1.10 

1.9 

1-7,10 
1.10 



RittvdocuMMhMiitel 



i erf to C 



0 



ItoteaT 



# Spcotf ca*taraa*foftad 

"A" dot 

T cm 
X* doc 

noted to « 



i of fee art »tocfc anot 



or priority date aad not is 
dted to — daodood r 



a*, fife* da* 



to a 

tendy 



Dtot of tin 8 



15 Novenber 1995 



2 a ft 85 



offhitSA 

Bateau Pato* OAo. P-R Sill Pmcobma 2 

NL • Z2U HV Rip** 

TeL (01-70) 340»2Ma Til 31 «il cpo ai. 

P«x(-rll-W)S40.»l* 



Fonseca Fernandez, H 



ftm fCT/OAOlt |Mto towd 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



- -mtaonai Application So 

PCT/FR 95/00902 



C/Conflnuiooa) DOCUMENTS CONSIDERED TO BE RELEVANT 



Ccitfory 



Quton oC document. w»th ■wfrciQon. whcr« Appropriate, of tf« rrtevam pasugn 



Relevant 10 cUtm No. 



0E.U.93 13 379 (UHRIG KANALTECHNIK) 11 
November 1993 
see figures 

US.A.3 963 654 (STANLEY 0.) 15 June 1976 
EP.A.O 528 328 (HEAD P.) 24 February 1993 



9<**ltH> 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

(jiforaueon on p*** k«*Uy nonbcn 



h ,m>ymi) ApphcaaoA So 

PCT/FR 95/00902 



Pium document 


publication 


pucnt family 


Publication 


cited in search report 


dale 


rncmbcf($) 


dsJe 


VO-A-9118180 


28-11-91 


FR-A- 


2662207 






FR-A- 


2668241 


14 /ii m 

24-04-92 






FR-A- 


2671787 


HA #n A1 

24-07-92 










10-12-91 






tr— A 




24-02-93 






U> A 




16-08-94 




EP-A-0553558 


— 

04-08-93 


JP-A- 


5200869 


10-08-93 


U5-A~H:J/ jDf U 


£3 1l jv 


All— Q- 
All o 




16-07-92 




AU-B- 


6681890 


06-06-91 






CA-A- 


2029294 


29-05-91 






GB-A.B 


2239473 


03-07-91 


EP-A-0545703 


09-06-93 


ur A 


5278177 

Jfcf Oil / 


26-10-93 




ID— A* 
Jr A 


DUUUC/O 


11-01*94 






Jr" 




22-06-93 






CA"A- 


OslCXI J 


25-12-92 










02-08-94 


FR-A-2370225 


02-06-78 


(aB-A- 


A35r^3/ J 


30-07-81 




CA-A- 


109ool3 


07-04-81 






US-A- 


4197880 


15-04*80 


DE-U-9313379 


11-11-93 


DE-U- 


9400793 


10-03-94 


US-A-3963654 


15*06-76 


US-A- 


38S58S4 


24-12-74 




US-A- 


4124547 


07-11-78 






AR-A- 


201597 


31-03-75 






AT-fi- 


332340 


97— flO-7£ 






AU-B- 


704707* 


08-01-76 






CA-A- 


1005755 


22-02-77 






0E-A- 


2428016 


23-01-75 






FR-A t B 


2241577 


21-03-75 






GB-A- 


1458096 


08-12-76 






JP-C- 


915086 


21-07-78 






JP-A- 


50034334 


02-04-75 






JP-B- 


52044572 


09-11-77 






NL-A- 


7408405 


30-12-74 





page 1 of 2 



INTERNATIONAL SEARCH REPORT 

U»/orm»ooo on puoK f*ruly manbcn 



li—mnjoml App*ic*oon No 

PCT/FR 95/00902 



Patent document 
cited in search report 



Publication 
date 



Patent family 
mernber(s) 



Publication 
dale 



EP-A-0528328 



24-02-93 



GB-A.B 
US-A- 



2258674 
5340626 



17-02-93 
23-08-94 



9mm PCr/ftAOll i^mmu tamMy Him im) 



page 2 of 2 



RAPPORT DE RECHERCHE INTERNATIONALE 



A. CLASS EMENT DE L'OBJET DE LA DEMANDE 

CIB 6 E21833/127 E21B43/10 



Dc Je taunuQonalc No 

PCT/FR 95/00902 



F16L55/165 



Sdon U dataQoton nKcrmaccak 6a brew* (CIB) ou A U foil tdon U dmrmfioaon maooak at la CIB 



B. DOMAfWES SUR U3QUELS LA RECHERCHE A PORTE 



Docmcsuaoa cmxsmUc ceaadtac (%ra±xrx dc riiraftceaon eum do symbol e* e 

CIB 6 E21B F16L 



IMtttqatUd 



s U rnnn oO en « 



i «r Ictquets a port* u mhcrchc 



Banded 



t (Mam dc U base « 



w « a ecu cm taabtabfc. mm dc n4m*m 



C. DOCUMENT* CONSIDERED COMME FERTtNEKTS 



i citlti avec, It cat 



WO, A, 91 18180 (NOB ILEAL)) 28 Noveabre 1991 
voir le document en entier 

EP.A.O S53 558 (ASHIH0R1 INDUSTRY) 4 AoOt 
1993 

voir le document en entier 

US.A.4 979 570 (MOOT) 25 Oeceabre 1990 
voir figures 

EP.A.O 545 703 (0KAHASHI) 9 Juin 1993 
voir figures 

FR.A.2 370 225 (N.V. RAYCHEM) 2 Juin 1978 
voir le document en entier 



-/- 



1-11 
1.10 

1.9 

1-7,10 
1.10 



jEJ Voir U tone da cadre C pour la tto * U h*e dac 



GO 1 - 



'A' 



C ratal 



fiiirwiif tHilwi. laMt aubfce a to dan da t 
ou aprca cat* dan 



load 



eula 



m aara la date dc dq 
paftfnmal aaa A f atal dc U 

la bat* da rnvanooa 
m p a atj dcdt ftyund 



oala 



MHmt H dan dc pottattaa dun* 
raw mm aaadate (tcUa qumckouee) 
f*ftraot A vac diwiaatooa ocaK ataucafcA 



*V dm 



■era™ 



tala 



<Uamik depot mamuannaL man 
4m dc pncftf m \wiiiaiii 



t ota fait parTM <W U 



I A «■ cm artawtn i 



Dale A 



UredM 



15 Noveabre 1995 



Dand-cadditoddu 



mhe *211Cls 



i pome da radnaiadTifwm dsaffce dc la 
Office Boropeaa da Breve* P.& Stll 
NL - 2239 HV Rip*i* 
TeL (♦31-70) 340.2040, Tx 31 Ul cpo 
!»«<♦ 11-70) 340-301 • 



Fonseca Fernandez, H 



Iff!) 



page 1 de 2 



RAPPORT DE RECHERCHE INTERNATIONALE 



I & Ik 

1 PCL 



.•nde Intcnuooruic No 









|no. do rtvfMiuacni *\wtn 



| A 
I A 



DE,U,93 13 379 (UHRIG KANALTECHNIK) 11 
Novembre 1993 
voir figures 

US,A ( 3 963 654 (STANLEY 0.) 15 Juin 1976 
EP.A.O 528 328 (HEAD P.) 24 Fevrier 1993 



page 2 de 2 



RAPPORT DE RECHERCHE INTERNATIONALE 

RmapoMitt rtUtift aia montarci <k fimila dc brevets 


L ^Kk latenuficmlc No 

PCT/FR 95/00902 


Document brevet bu 
*u rapport dc recherche 


Date dt 
pubbc»Uon 


Mcrobrc<s) <k U 
fmmilk dc breveq*) 


publication 



WO-A-9 118180 


28-11-91 


FR-A- 


2662207 


22-11-91 




FR-A- 


2668241 


24-04-92 






FR-A- 


Z671787 








AU-B- 


7962691 


1Q-IZ-91 






EP-A- 


0527932 


24-02-93 






U5-A- 


5337823 


AO Ail 


EP-A-0553558 


04-08-93 


JP-A- 


5200869 


10-08-93 


US-A-4979570 


25-12-90 


AU-B- 


625650 


16-07-92 




AU-B- 


6681890 


06-06-91 






CA-A- 


2029294 


29-05-91 






GB-A.B 


2239473 


03-07-91 


EP-A-0545703 


09-06-93 


JP-A- 


5278177 


26-10-93 




JP-A- 


6000878 


11-01-94 






JP-A- 


5154915 


22-06-93 






CA-A- 


2072173 


25-12-92 






US-A- 


5334429 


02-08-94 



FR-A-2370225 


02-06-78 


G8-A- 


1594573 


30-07-81 






CA-A- 


1098813 


07-04-81 






US-A- 


4197880 


15-04-80 


OE-U-93 13379 


11-11-93 


0E-U- 


9400793 


10-03-94 


US-A-3963654 


15-06-76 


US-A- 


3855854 


24-12-74 






US-A- 


4124547 


07-11-78 






AR-A- 


201597 


31-03-75 






AT-8- 


332340 


27-09-76 






AU-B- 


7047074- 


08-01-76 






CA-A- 


1005755 


22-02-77 






0E-A- 


2428016 


23-01-75 






FR-A.B 


2241577 


21-03-75 






G8-A- 


1458096 


08-12-76 






JP-C- 


915086 


21-07-78 






JP-A- 


50034334 


02-04-75 






JP-B- 


52044572 


09-11-77 






" NL-A- 


7408405 


30-12-74 



PCT/UA/2H 



page 1 de 2 



RduugMmoiti fxlrt fi *ujt membra de fundi ei dc hrrvrti 


t .and* Inunuoonalc So 

PCT/FR 95/00902 


Document brevet die 
! au rapport de recherche 


Dai* dc 

publication 


Membrc(s) dc la 
famifle d* brcvc((s) 


Dai* dc 
pubffcatton 



EP-A-0528328 



24-02-93 



GB-A.B 
US-A- 



2258674 
5340626 



17-02-93 
23-08-94 



KT/ttJVBt 



page 2 de 2 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE TERMS OF THE 
PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification": (11 

A1 

E21B 33/127, 43/10, F16L 55/165 (43 


) International Publication No. WO 96/01937 
| Date of International Publication: 25 January 1996 (01.25.96) 


(21) International Application Number: PCT/FR95/00902 

(22) International Filing Date: 6 JULY 1995 (07.06.95) 

(30) Priority Information: 

94/08691 7 JULY 1 994 (07.07.94) FR 

(71) Applicant (for all designated countries except US): 
DRIULFLEX [FR/FR); ZAC des Monts-Gauffer. 29, rue 
Lavoisier. F-35230 ChatiBon-sur-Seiche (FR). 

(72) Inventors; and 

(75) Inventors/Applicants (US only): SALTEU Jean- 
Louis [FR/FR]; 12, avenue de la Motto, F-35650 Le 
Rheu (FR). SK5NORI, Frederic [FR/FR); 3, rue de 
(-Hermitage. F-35650 Le Rheu (FR). 

(74) Attorney: LEFAOU, Daniel; Regjmbeau Law Offices, 
Centre d'Affaires Patton, 11, rue Franz-Heler, P.O. 
Box 19107, F-35019 Rennes Cedex 7 (FR). 


(81) Designated Countries: AM. AT, AU, BB. BG. BR. BY, 

CA, CH. CN. CZ. DE. DK, EE. ES. Fl. GB. GE. HU. JP. 
KE. KG. KP, KR. KZ. IX LR. LT. LU. LV. MD. MG. MN. 
MW. MX, NO. NZ. PL. PT. RO. RU. SD. SE, SI. SK. TJ. 
TT, UA, US. UZ. VN, European patent (AT, BE. CH. 
DE, DK, ES, FR, GB, GR, IE, IT. LU, MC. NL. PT. SE). 
OAPI [Organisation Amcaine de la Propriete 
InteOectuelle: African intellectual Properly Organization] 
patent (BF, BJ, CF. CG, CI, CM. GA. GN. ML. MR. NE. 
SN. THE DATA, TG), ARIPO [African Regional 
Industrial Property Association) patent (KE. MW. SD. 
SZ.UG). 

Published: 

With international search report 
Prior to the expiration of the time allowed for 
amendment of the claims, * will he published if such 
amendments are received* ■ 


(54) Tide: PREFORM. DEVICE AND METHOD FOR CASING A WELL 
(57) Abstract 

[see source document tor English] 



FOR INFORMATION ONLY 

Codes used to identify the States that are party to the PCT, on the cover pages of 
brochures publishing international applications in virtue of the PCT. 



[countries mentioned at 81 on the cover page] 



AM = Armenia 


u - i ajiKistan 


ai - Austna 


i i — i nniaao ano i ooago 


AU = Australia 


UA - Ukraine ^ 


BB = Barbados 


us = united states of America 


BG - Bulgaria 


UZ = Uzbekistan . 


BR = Brazil 


VN = Vietnam 


BY = Belarus 




CA = Canada 


AT = Austria 


CH = Switzerland 


BE = Belgium 


CN = China 


CH = Switzerland 


cz - czecn Republic 


DE s Germany 


Ub = uermany 


UK = Denmark 


DK = Denmark 


ES = Spain 


EE = Estonia 


FR * France 


ES = Spain 


GB = United Kingdom 


Fl « Finland 


GR = Greece 


GB = United Kingdom 


IE = Ireland 


GE = Georgia 


IT = Italy 


HU = Hungary 


LU = Luxembourg 


JP = Japan 


MC = Monaco 


KE = Kenya 


NL = The Netherlands 


KG = Kyrgyzstan 


PT = Portugal 


KP = North Korea 


SE = Sweden 


KR = South Korea 




KZ = Kazakhstan 


BF = Burkina Faso 


lk - Srt Lanka 


BJ = Benin 


LR = Liberia 


CF = Central African Republic 


l i — Liinuania 


cg = Congo 


LU = Luxembourg 


CI = Ivory Coast 


LV = Latvia 


CM = Cameroon 


MD = Moldova 


GA = Gabon 


MG = Madagascar 


GN = Guinea 


MN = Mongolia 


ML = Mali 


MW = Malawi 


MR = Mauritania 


MX = Mexico 


NE = Niger 


NO = Norway 


SN = Senegal 


NZ = New Zealand 


TD = Chad 


PL = Poland 


TG = Togo 


PT a Portugal 


RO = Romania 


KE = Kenya 


RU = Russian Federation 


MW = Malawi 


SD = Sudan 


SD = Sudan 


SE = Sweden 


SZ = Swaziland 


SI = Slovenia 


UG = Uganda 


SK = Slovak Republic 



WO 96/01 937 PCT/FR95/00902 

1 

PREFORM, DEVICE AND METHOD FOR CASING A WELL 

The present invention concerns a flexible preform that is radially foldable and curable in 
5 sity, after it has been placed in a well, particularly an oil well, or in a conduit, in order to constitute 
a cylindrical casing therein. 

The invention also concerns the method for positioning, anchoring this preform in the well 
or conduit, and creating a seal between the preform and the well or conduit. 

Already known are preforms the wall of which is a flexible material that can be folded on 
10 itself in order to have an overall radial dimension that is significantly smaller than the diameter of 
the well or conduit to be cased, or to be lined in the case of a localized repair. The preform in its 
folded state is inserted in the well or conduit. Once it has been positioned at the desired location, 
It Is radially deformed outward by introducing an inflation fluid into the preform. Under the effect of 
the internal pressure, it takes a cylindrical form, that is, a circular cross section. The anchoring of 
15 the expanded preform to the interior of the well or conduit is done by means of a cement that is 
poured into the annular space separating the outer wall of the cylindrical preform from the wall of 
the well or conduit The curing of the preform wall by polymerization can be accomplished either 
by introducing a hot liquid inside the preform, or by the Joule effect by means of appropriate 
electrical resistances arranged in the preform, for example electric wires comprising part of the 
20 wall structure of the preform, impregnated with heat-setting resin. 

International patent application WO 94/21887 concerns cementing a casing of this type. 
The cementing of a preform of this type poses several problems. 
First, it requires a relatively sophisticated and expensive cementing facility. 
Moreover, the quality of the cement must be perfect in order to be able to insert it 
25 correctly and homogeneously into the annular interstices, the thickness of which can be very 
small, separating the wall of the preform from the wall of the well or conduit. 
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Finally, the cementing is not always very reliable because it is poorly controlled over long 

lengths. 

The objective of the present invention is to propose a preform of the type described 
above that can be positioned and anchored inside the well or conduit without the need to use 
cement. 

This objective is achieved, according to the invention, due to the fact that the preform has, 
along its wall, annular curable zones that are radially and outwardly deformable so that they apply 
against the wall of the well or conduit, and which form, after curing, anchoring and sealing locks 
for the casing. 

Moreover, according to a number of additional, non-limiting characteristics of the 
invention; 

- the preform has a reservoir of heat-curable resin on its inner side that can migrate 
radially outward through the wall under the effect of an internal pressure; 

- it has an elastically deformable outer skin, certain sleeve-shaped sections of which 
have a capacity for the radial deformation that is significantly greater than that of the rest of the 
skin, these sections accomplishing said locks; 

- the easily deformable sections are made of non-reinforced elastomer while the rest of 
the skin is made of reinforced elastomer; 

- said reservoir consists of annular pockets situated opposite said sections of easily 
deformable outer skin; 

- said reservoir extends the full length of the preform, including opposite the areas of 
outer skin that are not easily deformable; 

- the wall of the preform is composed of a heat-curable resin core and two skins made of 
elastomer material, one inside and one outside, said reservoir containing the resin being 
delimited by the core and by the inner skin; 

- the preform is provided with annular seal rings encircling the curable areas intended to 
constitute the locks. 

The method according to the invention, intended for the positioning, anchoring, and 
sealing of a preform as described above inside a well or conduit, is comprised of the following 
steps: 

a) the preform in its folded state is inserted in a well or cylindrical conduit, the diameter of 
which is a little larger than that of the preform when it has been radially deployed; 

b) a fluid under pressure is introduced into the preform to change it to a strictly cylindrical 

state; 
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c) said annular zones are deformed outward to apply them against the wall of the well or 

conduit; 

d) the preform and the annular zones are cured. 

In an advantageous way, in step c) the resin contained in the annular pockets is heated 
in order to liquefy it and cause it to migrate outward under the effect of the internal pressure, and 
in step d), this resin and the resin of the wall of the preform are maintained at the polymerization 
temperature for enough time to obtain the curing of the whole. 

Other characteristics and advantages of the invention will appear from the description 
and the appended drawings, which represent, by way of non-limiting examples, preferential 
embodiments. 

In these drawings: 

- Figure 1 is a diagrammatic cross sectional view of a preform according to the invention, 
after insertion and radial deployment, but before anchoring, inside an oH well; 

- Figures 2 and 3 are transverse cross sections of the preform in its initial folded state, 
according to two different methods of folding; 

- Figure 4 is a view similar to Figures 2 and 3, which represents the radially deployed 
preform to take a cylindrical form; 

- Figure 5 is a partial view, in axial cross section, of the wall of the preform at one curable 
annular zone intended to constitute an anchoring lock, prior to being radially deformed outward; 

- Figure 6 is a view similar to Figure 5, representing the preform after deformation and 
curing of the lock; 

- Figure 7 is a diagrammatic view of a section of deployed preform, which is equipped 
with several seat rings at the curable annular zone intended to constitute an anchoring lock; 

- Figure 8 is a longitudinal cross section at the ring, after the preform is anchored and 
cured in a well. 

- Figures 9 and 10 are views similar to Figures 5 and 6, respectively, representing a 
variant of the preform. 

Figure 1 represents a preform 1 according to the invention, which is placed inside an oil 
well 2, the cylindrical wall of which is referenced as 20. 

The preform is of a known type, made of thermosetting, heat-curable material, which, 
prior to being placed inside the well, is folded longitudinally so as to have a reduced radial 
dimension. 
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The folding can be done in "U" shape as shown diagrammatically in Figure 2, or "snail- 
shape as represented in Figure 3. 

After being positioned inside the well 2 along the desired length, the preform is deployed 
so that it takes on a cylindrical form, as illustrated in Figures 1 and 4. 

This radial expansion is accomplished by introducing a fluid under pressure into the 
preform's internal space 100. To do this, a conduit 4 is provided that sealably penetrates the 
preform at Its upper end 1a and carries the fluid from the surface S of the well. The fluid used can 
simply be the liquid mud extracted from the well. 

The lower end 1 b of the preform is naturally plugged by an appropriate closing means. 

In its deployed state, the wall 10 of the preform has an strictly cylindrical shape, of 
specific diameter. The diameter of its outer surface is selected so as to be slightly less than the 
diameter of the well's wall. 

By way of non-limiting example, the outside diameter of the preform will be 178 
millimeters, while the diameter of the wall 20 will be 184 millimeters. 

There is therefore an annular space j the radial value of which, for example, is 3 
millimeters. 

This free annular space along the full height of the preform allows the mud to be 
evacuated during inflation. 

According to one essential characteristic of the invention, the preform 1 is provided with 
several annular curable zones distributed along its wall, which are radially and outwardly 
deformable so that they apply against the wall 20 of the well, and which after curing, form 
anchoring and sealing locks for the casing. These locks are represented by broken lines and by 
references 3 in Figure 1 . 

The different locks 3 are spaced at predetermined distances 1^. I* that are not 
necessarily equal. 

By way of example, the prefo^h has a length that can reach 3,000 meters. 
The spacing of the locks 3 can be between 5 and 50 meters, for example. 
The height of the locks will be on the order of 0.5 to 3 meters. 

In the embodiment represented in Figures 5 and 6, the wall 10 of the preform is 
composed of a heat-setting core 5 sandwiched between an inner skin 6 and an outer skin 7. 
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The core 5 is a heat-curable resin, inside which is embedded a reinforcing structure 
composed of fibers 50, such as glass or carbon fibers, some of which are circumferential and 
others longitudinal. 

The inner skin 6 is an unreinforced elastomer material (synthetic rubber). The outer skin 
5 7 is an elastomer material reinforced by a slightly expandable fabric. 

The annular zone intended to constitute the lock forms a reservoir (pocket) delimited by 
the core 5 as well as by a bulge 6\ toward the interior 100 of the preform, in the inner skin 6. This 
reservoir contains a heat-curable resin 60. 

Opposite the bulge 6', the outer skin 7 is interrupted to be replaced by a sleeve tube 8. 
10 This sleeve tube Is appropriately connected and attached, for example by gluing, to the skin 7. 
The sleeve tube 8 is made of an unreinforced elastomer material. It is therefore radially 
expandable, unlike the rest of the outer skin 7. 

By way of example, the thickness of each of the skins 6, 7 is on the order of 2 millimeters, 
while the core 5 has a thickness of between 5 and 15 millimeters. 
15 The resin 60 is selected to have a high viscosity at ambient temperature, and a low 

viscosity at high temperature, for example above about 80°C. It then becomes liquid and can 
migrate outward through the core 5 and its reinforcing structure 50. 

The anchoring of the preform in the well is done as explained in the following. 

First, the preform Is radially deployed by introducing the liquid L into it, as already 
20 mentioned above. The preform will then progressively take on a cylindrical shape, while the mud 
present inside the well is forced out of the annular space that remains free, and rises to the 
surface. The rest of this same mud can be used as the inflation liquid L, by means of a suitable 
pumping system. 

The pressure of the liquid L is selected so that there is a relatively high pressure 
25 differential, for example on the order of 10 bars, between the liquids inside and outside the 
preform. The preform is held in its proper position inside the pipe by an appropriate device 
installed at the surface, and not represented. 

Next, the wall of the preform is heated either by replacing the liquid L with a hot liquid, or 
by the Joule effect using appropriate electrical resistances mounted in the preform. This heat will 
30 liquefy the resin 60 contained in the pockets 6\ as well as the resin of the core 5. 
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Under the effect of the pressure p of the internal fluid, the liquid resin then migrates 
outward from the interior, while forcing the resin comprising the core 5 through to form annular 
bulges 61 which will be applied - by means of sections of easily deformable skin 8 - against the 
wall 20, with a relatively strong pressure. Of course, the capacity of the reservoirs, and 
correlatively, the volume of the resin 60, are chosen so as to be sufficient to correctly fill the 
annular space j, and to sufficiently deform the locks 3 in an outward direction against the wall 20. 
The sections 8, after radial expansion, are referenced 8' in the drawings. 

The necessary calories continue to be applied to the preform and to the lock for enough 
time - usually a few hours - to obtain a curing of the wall assembly, including the locks. 

Thus, a rigid casing is obtained with cylindrical interior wall, and the outer wall of which is 
formed of annular rolls that comprise anchoring and sealing zones of the casing in the well 2. 

The final operations consist of removing the liquid from inside the preform, withdrawing 
the conduit 4, and eliminating the upper and lower ends 1a and 1b, respectively, from the preform. 

The part 1a can be removed simply by transverse sawing. The lower part 1b can be 
removed by axial boring inside the casing. 

It should be noted that the location of the locks 3 is perfectly controlled due to the 
presence of the sleeve tubes 8, which have a greater ability to extend radially than the rest of the 
outer skin 7. 

The outward deformation of the inner skin 6, at the end of the outward migration of the 
resin, is limited because the skin 7 will come up against the filament structure 50 of the core 5. 
This ensures that the interior wail of the casing will have a strictly cylindrical shape along its full 
height. 

The annular locks will be positioned where desired, depending on the physical 
characteristics of the well to be cased, along the preform, particularly as a function of the location 
of certain aquifer zones. 

In order to improve the seal between the preform and the wall of the well, seal rings can 
be provided at the locks 3. 

This possibility is illustrated in Figures 7 and 8. The expandable sleeve tubes 8 are fitted 
with one or more seal rings 9, for example three in number. These are flexible rings, for example, 
capable of being deployed radially at the same time as the preform, to take on a toroidal shape. 
After radial expansion and curing of the locks, the rings are lodged in an annular groove of the 
outer skin 8', 
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providing a perfect seal at this point This sealing technique is the object of this applicant's patent 
application No. 94 03629 filed on March 23, 1994. It is applied here to the anchoring areas of the 
preform. 

It should be noted that the resin 60 can remain enclosed for a long time inside the 
pockets 6', with no risk of degradation. 

The preforms can therefore be stored without damage, put in place whenever desired, 
then also anchored whenever desired. Furthermore, the preform and locks do not need to be 
cured until after the radial deployment of the preform. These operations can be performed 
successively at the proper time, depending on the availability of the personnel assigned to these 
tasks. 

In the preform variant illustrated In Figures 9 and 10, in which the same references as in 
Figures 5 and 6 were used to designate identical or similar elements, the reserve of heat-curable 
resin 600 is not confined in the pockets. On the contrary, it occupies an annular space between 
the core 5 and the inner skin 6, which extends the full length of the preform 7, including opposite 
the outer reinforced skin areas that are not easily deformable (see Figure 9). During the 
application of the internal pressure p, the liquid resin migrates to the inside of the core 5. Toward 
the exterior, however, it will only push out into the easily deformable sections 8, forming 
anchoring rolls 8* there. 

This preform variant has a lower production cost than a preform with pockets. 

By way of example, the outer skin 7 has a thickness on the order of 2*to 3 mm, the core 5 
has a thickness of between 5 and 15 mm, the resin 600 has a thickness on the order of 0.4 mm 
and the inner skin 6 has a thickness on the order of 2 mm. 

Although in the method of implementing the invention that has Just been described with 
reference to the drawings, the casing was for a vertical well, and more specifically an oil well 
bore-hole, the present invention also applies to the casing of underground wells that are not 
necessarily vertical, and to the casing of conduits, for example pipelines or gas pipelines, for the 
purpose of repairing them in situ by installing an internal lining. 
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CLAIMS 

1. Flexible preform that is radially foldable and curable in situ , after it has been placed in 
a well or in a conduit, in order to constitute a cylindrical casing therein, characterized by the fact 
that the preform has, along its wall, annular curable zones (3) that are radially and outwardly 
deformable so that they apply against the wall (20) of the well (2) or conduit, and which form, after 
curing, anchoring and sealing locks for the casing. 

2. Preform according to claim 1, characterized by the fact that it has a reservoir of heat- 
curable resin (60, 600) on its inner side that can migrate radially outward through the wall (10) 
under the effect of an internal pressure (p). 

3. Preform according to either of claims 1 or 2, characterized by the fact that it has an 
elastically deformable outer skin (7), certain sleeve-shaped sections (8, 8') of which have a 
capacity for the radial deformation that is significantly greater than that of the rest of the skin (7), 
these sections accomplishing said locks (3). 

4. Preform according to claim 3, characterized by the fact that the easily-deformable 
sections (8, 8 ) are made of non-reinforced elastomer while the rest of the skin (7) is made of 
reinforced elastomer. 

5. Preform according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact that said reservoir consists of annular pockets situated 
opposite said sections (8) of easily-deformable outer skin. 

6. Preform according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact said reservoir (600) extends the full length of the 
preform, including opposite the areas of outer skin that are not easily deformable. 

7. Preform according to either of claims 5 or 6, characterized by the fact that the wall of 
the preform is composed of a heat-curable resin core (5) and two skins made of elastomer 
material, one inside (6) and one outside (7), said reservoir containing the resin (60. 600) being 
delimited by the core (5) and by the inner skin (6). 

8. Preform according to claim 7, characterized by the fact that the core (5) has a filament- 
type reinforcing structure (50) embedded in the resin. 
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9. Preform according to any of claims 1 to 8, characterized by the fact that it is provided 
with annular seal rings (9) encircling the curable zones (3) intended to constitute the locks. 

10. Method for the positioning, anchoring, and sealing of a preform as described above 
5 inside a well or cylindrical conduit, according to which: 

a) the preform (1) in its folded state is inserted in a well (2) or conduit, the diameter of 
which is a little larger than that of the preform when it has been radially deployed; 

b) a fluid under pressure is introduced into the preform (1) to change it to a strictly 
cylindrical state; 

10 c) said annular zones (3) are deformed outward to apply them against the wall (20) of the 

well (2) or conduit; 

d) the preform (1 ) and the annular zones (3) are cured. 

11. Method according to claim 10, applied to a preform according to either of claims 5 or 
6, characterized by the fact that in step c) the resin (60) contained in the annular pockets is 

15 heated in order to liquefy it and cause it to migrate outward under the effect of the internal 
pressure (p), and that in step d), this resin and the resin of the wall of the preform are maintained 
at the polymerization temperature for enough time to obtain the curing of the whole. 



[see original for figures] 
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